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A rapid, apparently irreversible change in the 
interplanetary plasma rud magnetic field was 
seen on 7 October 1962 by Mariner II when it 
wae 10.6X 10' km from earth and 36O to the left of 
the earth-sun line as seen by an earth observer 
facing the sun. The geometry of the spacecraft 
on the occasion of this event is shown in Fig. 1. 
The unit vectors are BR, B ,  8,  such that PR 
is radially outward from the sun; i 5 ~  is directed 
toward the ecliptic north pole, and 
is in the direction that the earth moves. This 
-event appears to be a hydromagnetic shock with 
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FIG. 1. Geometry of the Mariner Il orbit on 7 Oc- 
tober 1962. Tbe shock normal direction computed 
from the change in the magnetic field ie iadicated. 
eRs&,+ are unit vectors defining a coordinate sye- 
tern aloag the radius vector from the sun, toward the 
ecliptic north pole, ami along gN GR, respectively. 
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a structure that is vanishingly thin compared to 
the mean free path. Theoretical investigation of 
such shocks has predicted structures whose scale 
is determined by the gyroradii.' The potential 
importance of such shocka in interplanetary space 
has been discussed by Gold' and Parker.' 

medium is known from the analyses of magnetom- 
eter and plasma data, the latter having been sum- 
marized by Neugebauer and Snyder' and by Snyder 
and Neugebauer.' The plasma data for this event 
show that the flux dropped to an undetectable level 
in the 314km/sec channel, decreased somewhat 
in the 379-km/sec channel, and increased sub- 
stantially in the 464-, 565-, and 689-km/sec chan- 
nels. These changes occurred during one sam- 
pling interval of the plasma probe (3.7 min). 
Simultaneously, the magnetic field.(Fig. 2) dis- 
played a pulselike rise in magnitude from 6 to 
16 y (1 y =  10'' gauss), followed immediately by 
a partial relaxation to about 11 y and the appear- 
ance of disordered fields lasting many hours. 

A sudden-commencement geomagnetic storm 
began at the earth 4.7 hours later. Assuming 
that a spherical pulse expanded outward from the 
sun, the corresponding radial velocity was  519 
km/sec (= 10.6X 10'cos36"i4.7x 602). From the 
plasma data, the pre- and post-event solar wind 
velocities, assumed to be radially out from the 
sun, are 380* 10 km/sec and 460* 10 km/sec: 
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The general character of the interplanetary 
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FIG. 2. Magnetic field reaorded by Marlner IX mag- 
netometer for a two hour period, 7 October 1962. 
Spike marlring the event ie at 1646 UT. 

respectively. In the Mariner coordinate system, 
the solar wind velocities on both sides of the 
event are highly super-AUvBnic and supersonic; 
however, in a frame of reference moving withfhe 
wind, the velocities imply a shock of low Mach 
number. 

To test the identification as a shock, we in- 
vestigate the abruptness of the magnetic pulse 
(Fig. 2). If a smooth curve is drawn through the 
?ah, it appears that the structure may just be 
resolved. A disturbance velocity of 510 km/sec 
implies a pulse thickness of perhaps 3 X  10' km. 
It is implausible that the pulse is an ordinary, 
large-amplitude wave because such a short wave 
should rapidly steepen into a shock with a thick- 
ness determined by dissipative processes and 
the gyroradii. Although structures smaller than 
2X 10' km could not be detected with the telemetry 
sampling interval of 37 seconds, the irregularity 
of the data points suggests that such structure may 
be present. If the waves of elementary collision- 
less shock theory' are involved, the character- 
istic dimensions of the smallest scale features 
should be of the order of 2 km. The data are con- 
sistent with a shock composed of a superposition 
of such waves, organized into the larger scale 
pulse shown in Fig. 2 by dissipative phenomena. 
Since viscosity and thermal conductivity cannot 
operate in a time less than one collision period, 
the observed narrow pulse may suggest that plae- 
ma instabilities damp the waves. 

Further support for interpreting the event in 
question as a shock is provided by showing that 
the data are consistent with the well-known' high- 
conductivity hydromagnetic generalization of the 
single-f luid, isotropic -pressure, RanWne - 
Hugoniot conditions that express conservation of 
mass, momentum, and energy. It is assumed 

&at in he shock frame of reference, conditions 
are stationary and all velocity, magnetic, and 
electric fields are unKorm in each of the two 
regions separated by the shock front. ' The data 
do not show this uniformity after passage of the 
shock front; hence, we use the best available 
average values and suggest that the fluctuations 
be regarded as a form of internal energy to be 
allowed for by use of a suitable effective value of 
y ,  the ratio of specific heats. 

The values of 'B, and B,, magnetic fields just 
before and just after the shock passes by,-allow 
a determination of the shock normal. DivB = 0 
requires that the plane of the shock contain A B  
= &-&. The Rankine-Hugoniot conditione derived 
from the comervation of the transverse component 
of the momentum, and the continuity across the 
shock front of the tangential component of the 
electric field in the shock reference frame, re- 
pire  that the shbck normal lie in the plane of 
B, and 'B,. Hence, the shock normal must be 
perpendicular both to Ag and to &X8,. Since 
the solar wind flows nearly radially outward 
from the sun, it might be expected that the shock 
normal would be in the radial direction. The 
Mariner-I1 observations show that A'B had a sub- 
stantial radial component; hence the shock front 
must be oblique, with the usual consequence of 
a refraction of the plasma velocity vector in pass- 
ing through the shock front. It should be empha- 
sized that this conclusion is not affected by any 
uncertainty in our knowledge of the spacecraft 
field (the magnetometer cannot distinguish be- 
tween interplanetary fields and those of the space- 
craft) because the spacecraft field affects E, 
and 'B, equally and does not affect As! 

The heliocentric velocity with whi@ one must 
move in a direction normal to the shock front in 
order to remain in i t  is 

- 

where. SME is the vector from Mariner to the 
earth, Bs is the shock normal unit vector, and 
t = 4.7 h is the time between the event on Mariner 
and the sudden commencement of the geomagnetic 
storm. As the shock reference frame, let us we 
a system whose origin moves along 8~ with the 
velocity 

' v =v  /e 4 = 509 km/sec, (2) 
SR n s R  

which keeps the origin in the shock front. Ae 
axes in this fzame, use-the mytually-orthopnal 
unit vectors eS along AB = 0.9eR-5.6e~-3.9e~, 
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shock conditiomi are afmplified in this system. 
The plasma probe data show that the preshock 
gas has a heliocentric velocity of 38w~ kmhec, 
where we disregard the possibility of very small 
transverse velocities. In the shock frame the 
components are ua1=9  km/sec, U B I  = -17 km/sec, 
uyl= 128 km/sec. 

It is assumed in the sample calculation that the 
preshock gaa density ie 15 em". This is the 
best value from Neugebauer'; it assumes an bo- 
tropic temperature distribution and takes the 
aberration due to spacecraft motion into account. 
The components in the shock frame of the pre- 
and post-shock magnetic fields given above are 
B,1=Ba2=0, B ~ 1 = 4 . 9 ~ ,  Bg2=11.8y, Ond 
B,,I =Byz=4.1 y .  

A summary of the results of the application of 
the Rankine-Hugoniot equations is given in Table 1. 

Ordinarily one assumes that TI, the upstream 
temperature, and the direction of the shock nor- 
mal are known and solves the equations for all 
the conditions on the downstream side of the 
shock. Instead, we assume that the downstream 
magnetic field is known and solve for the shock 
normal, the temperatures on both sides of the 
shock, and the velocity and density on the down- 
stream side. With the data given above and the 
ratio of specific heats y =  i, we get in the helio- 
centric frame 32 = 4 5 0 s ~  + 1 0 8 ~  + 1 4 8 ~ ,  Le., in a 
direction 1.3" westward and 1.8' to the north of 
PR. The deneity is about 34 cm"; the tempera- 
tures can be fitted to TI= and Tam lO'*'% 
and the shock strength is about 4. 

sample calculation with observation where Va L 
modified by solar wind aberration. The magni- 
tude of V, agrees well with the plasma data, 

We must now compare these predictions of our 

which give n? direct lntormation on the change 
in direction. The values of density and tempera- 
ture rvtt eomewhat higher than those generally 
found by Neugebauer? More precisely, it is nat 
possible to fit both T, and T, for any value of y. 
In choosing to make TI equal to that found by 
Neugebauer and co~troining y to .f, T, is higher 
by half than the isotropic extension of the experi- 
mental post-shock gas temperature. There is 
considerable fluctuation in the observed quanti- 
ties. If the fluctuations over which we average 
involve substantial amounts of internal energy, y 
should be decreased and this will decrease the 
computed temperature difference. We conclude 
that the data fit this model of a shock to within the 
uncertainties in the data. 

We expect to refine these calculations in a sub- 
sequent paper, where the effect of varying y will 
also be considered; and we emphasize here the 
qualitative evidence for a hydromagnetic shock. 

The authors are indebted to P. A. Sturrock, 
J. W. Dungey, and J. R Spreiter for several 
stimulating discussions regarding this problem. 
They also wish to acknowledge the generosity of 
M. Neugebauer in providing special cornputationa 
and certain aspecte of her plasma data prior to 
publication. The computer programming was ex- 
pertly carried out by B. Briggs. Parte of this 
work were supported under NsG-426 (LD), NsG- 
249-62 (PJC), and NAS 7-100 (EJS). 
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Table 1. Meaeured a d  computed gas parametere: pro- and post-ehock values for r=i .  Shock velocity le SO& 
baed upon transit time and computed shock normal &reation. 

Parameter 
Preshock 
Meaeured 

Poet-shock 
Computed Measured 

B(1OJ gauee) ~ - 3.7T~2.2i ... 
V(km/sec) 38oR 45oii + lo* + Id 
N(cm") 15*2 
nw 1.2 Xld 

(memured) 
1.1 Xld 

(comprW 
M8gnebrCou1~Uc Mrrch No. 2.0 

34 
2.4 xld 

0.7 

5.G -9.3i - 6 . 6  
458R 
32+4: 
1.7 x l d  

0.6 
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